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ABSTRACT  
Objective: Physicochemical properties of 2-in-1 cleansing formulations based primarily on an anionic surfactant and a cationic 
polymer were systematically investigated.  
Methods: Aqueous-based cleansing formulations consisted of either designated high or low levels of an anionic primary 
surfactant (sodium lauryl ether sulfate; SLES), a cationic polymer (polyquaternium-10; PQ-10), an amphoteric secondary 
surfactant (cocamide DEA; CDEA), a foam builder (cocamidopropyl betaine; CAPB) were prepared and evaluated with respect 
to their viscosity, surface tension, foam volume, wetting time, and physical appearance.  
Results: It was found that CDEA significantly affected the viscosity of the resultant mixture to a greater extent when compared 
to the other three ingredients. The secondary surfactant, CAPB, was apparently a major cause of turbidity. A formulation 
containing high SLES, high CDEA, and high PQ-10 with low CAPB was extremely viscous and had a transparent gel-like 
structure. This could suggest a possible electrostatic interaction between the opposite charges of the anionic surfactant and the 
cationic polymer in presence of an extreme viscosity-building agent such as CDEA. For the formulations with viscosities below 
30,000 cps, the wetting time could be used as a rough estimate for the product9s apparent viscosity. Both primary (SLES) and 
secondary (CAPB) surfactants increased the foam volume whereas CDEA and PQ-10 produced an opposite effect.  
Conclusion: The results from this study demonstrated the effect of main ingredients commonly employed in most commercially 
available 2-in-1 cleansing formulations. The data could be used in the formulation of a variety of hair care or skin care 2-in-1 
cleansing products, e.g. shampoos, liquid soaps, shower creams, so as to attain the target products with desirable 
physicochemical properties. 
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Introduction
§Cleansing products are generally used for a wide 
range of applications including personal care, pet, and 
household uses.
1-4 
Shampoos and liquid soaps are 
typically served as one of the most widely used 
consumer products in daily applications. The main 
purposes of cleansing products or cosmetics are to 
remove dirt, sebum, sweat residue on hair and/or skin. 
                                                 
§
 13th year of Srinakharinwirot Journal of Pharmaceutical Science 
Commonly used cleansing products for skin include 
shower creams and liquid soaps while hair cleansing 
products include shampoos and rinse-off conditioners.
5-9
 
These products are composed primarily of surfactants 
which possess a unique surface-active ability to surround 
oily materials on body surfaces and allow them to be 
easily rinsed away by water.  
The use of surfactants has replaced the more 
traditional soap preparations, which are alkali salts of 
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fatty acids, in personal care products for a variety of 
reasons. Soap has the distinct disadvantages of being 
irritating to the eyes and incompatible with multivalent 
cations, such as calcium and magnesium, in hard water. 
The first synthetic detergent shampoo was introduced in 
the early 1930s, and since the 1960s, the detergent 
technology has been initiated and continuously 
developed in a wide range of applications. Surfactants 
are typically categorized with respect to their head 
groups into anionic, cationic, amphoteric and nonionic 
types.
10
 When compared to soaps, most surfactants have 
a substantial solubility in water although this 
characteristic alters significantly with changes in the 
length of the hydrophobic tail, the nature of the head 
group, the valency of the counterion, and the solution 
environment.
11
   
Over the years, significant improvements have been 
made to shampoo formulations. New detergents are less 
irritating to the eyes and skin as well as having improved 
health and environmental qualities. In addition, materials 
technology has advanced thus enabling the incorporation 
of thousands of beneficial ingredients in shampoos, 
leaving hair feeling cleaner and better conditioned. In the 
past decades, cleansing formulations have gradually 
changed from a stage of pure cleansing of the hair/skin 
to A2-in-19 type and then to Amultifunctional9 purposes.
12-14
 
Examples of additional benefits include conditioning, 
smoothing, lather creaminess and combability (for hair 
products) or substantivity (for skin products). Cationic 
polymers often play an important role in providing many 
of these features and thus their use in a variety of 
cleansing products have increased greatly over the past 
years [15].  
Although a wide range of excipients are continuously 
developed and formulated into a variety of formulations, 
a systematic evaluation of the product9s physicochemical 
properties as well as the excipient interaction has been 
limited, especially 2-in-1 or multipurpose products. 
Therefore, the objective of this study was to 
systematically investigate the formulation parameters 
affecting the physicochemical properties of 2-in-1 
cleansing products. The sample cleansing bases 
containing either designated Ahigh9 and Alow9 levels of 4 
main components, namely, the primary surfactant, the 
secondary surfactant, the foam booster and the cationic 
polymer, were prepared and evaluated with respect to 
their physical appearance, viscosity, pH, foam volume 
and wetting time.  
 
Materials and Methods 
All materials were purchased and used as received: 
sodium lauryl ether sulfate 70% (or SLES) (Texapon 
N70, Cognis, USA), cocamidopropyl betaine 45% (or 
CAPB) (Amido Betaine C45, Zohar Dalia, Israel), 
cocamide diethanolamine 90% (or CDEA) (Comperlan 
KD, Cognis, USA), polyquaternium-10 (Polymer JR; 
Marcoquar: PQ-10) (Herrmann und Marco Chemie, 
Germany), tetrasodium EDTA (BASF Aktiengesellschaft, 
Germany), Germaben II (ISP Technologies, USA).  
Sixteen cleansing formulations containing either high 
level(s) or low level(s) (%w/w) of SLES (high, 15; low 5), 
CAPB (high, 15; low 5), CDEA (high, 5; low 0.5), and 
PQ-10 (high, 0.5; low 0.1) were prepared (total weight, 
600 g) in duplicates or triplicates (Table 1). The high and 
low values of each ingredient were selected as 
appropriate from commonly used concentrations in 
commercially available products. SLES was first 
dissolved in ¾ volume of deionized water, then CAPB, 
CDEA, and PQ-10 were separately added, respectively. 
The product was homogenized (homogenizer, National 
model SSC812EA, Matsushita Electric Industrial Co., 
Japan) until a homogeneous mixture was obtained. A 
preservative (Germaben II, 1%) and a chelating agent 
(tetrasodium EDTA, 0.1 %) were added in all 
formulations and final weight adjusted with a sufficient 
amount of water. The prepared formulations were 
packaged in a suitable container and stored at room 
temperature for further investigation.  
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Table 1 Designated high (+) or low (-) level(s) of the four 
main ingredients in sixteen model formulations. 
Ingredient§ 
Formulation* 
SLES CAPB CDEA PQ-10 
1 (HHHH) + + + + 
2 (HHHL) + + + - 
3 (HHLH) + + - + 
4 (HHLL) + + - - 
5 (HLHH) + - + + 
6 (HLHL) + - + - 
7 (HLLH) + - - + 
8 (HLLL) + - - - 
9 (LHHH) - + + + 
10 (LHHL) - + + - 
11 (LHLH) - + - + 
12 (LHLL) - + - - 
13 (LLHH) - - + + 
14 (LLHL) - - + - 
15 (LLLH) - - - + 
16 (LLLL) - - - - 
§
 SLES = sodium lauryl ether sulfate 70%, CAPB = cocamidopropyl 
betaine 45%, CDEA = cocamide diethanolamine 90%, PQ-10 = 
polyquaternium-10.  
* L and H denote high level(s) and low level(s) (%w/w) of the respective 
ingredients in the formulation; SLES (high, 15; low 5), CAPB (high, 15; 
low 5), CDEA (high, 5; low 0.5), and PQ-10 (high, 0.5; low, 0.1).  
 
 
The product viscosity (cps) was measured at room 
temperature using a Brookfield viscometer (Model 
LVDVII, Brookfield Eng. Labs, MA, USA) attached with 
an appropriate spindle (No. 1, 2, 3 or 4). pH of the 
sample was measured using a pH meter (Orion Model 
320, Orion Research Inc., USA). Foam volume was 
determined by the cylinder test (adapted from Ref. 1) 
whereby a 100 mg of the sample was placed in a 100 
mL - graduated cylinder. 50 mL of deionized water was 
then added into the cylinder and its opening sealed with 
a parafilm (Parafilm M, Pechiney Plastic Packaging, 
USA). The cylinder was then inverted vertically for 10 
cycles. The cylinder was then sit undisturbed and foam 
volumes were noted as a function of time. To determine 
the wetting time, a method adapted from the Draves 
wetting test
11
 was used whereby a cotton ball (200 mg) 
was placed on the surface of a sample (80 mL) 
previously filled in a 100 mL beaker. The time taken from 
placement to a complete wetting or immersion of the 
cotton ball into the liquid surface was measured as the 
wetting time. 
 
Results and Discussion 
Sixteen formulations of 2-in-1 cleansing bases were 
prepared and evaluated for their physicochemical 
properties. It was shown that all formulations apparently 
exhibited a great variation in their properties which are 
discussed as follow:  
 
Physical Appearance, Viscosity and pH 
Table 2 shows the physical appearances, apparent 
viscosities and pHs of all sample bases. As expected, 
the formulation containing Alow9 levels of all four 
ingredients (Formulation 16) appeared as a transparent 
solution and possessed a very low viscosity (21 ± 6 cps) 
close to that of water. Formulations 6 - 8 and 13 - 15 
were transparent or almost transparent in appearance, 
however, the viscosities of the first three were relatively 
much higher. When comparing the respective pairs of 
formulations containing Ahigh9 and Alow9 CDEA with other 
factors being constant, e.g. Formulation 13 (high CDEA; 
η = 2975 cps) and 15 (low CDEA; η = 104 cps), 
Formulation 14 (high CDEA; η = 1399 cps) and 16 (low 
CDEA; η = 21 cps), it was observed that the Ahigh9 
CDEA formulations were much more viscous indicating 
that CDEA could greatly impart the viscosity of the 
overall product structure. Similar trend could be seen 
with other corresponding pairs (Formulations 1 and 3, 2 
and 4, 5 and 7, 6 and 8, 9 and 11, 10 and 12) thus 
confirming this observation (Figures 1A and 1B).  
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Table 2 Physical appearances, viscosities, and pH* of the prepared formulations.  
Ingredient§ pH 
Formulation‡ 
SLES CAPB CDEA PQ-10 
Physical appearance Viscosity (cps) 
Day 0 Day 7 
1 (HHHH) + + + + Turbid +++ 13990 ± 3926 8.5 ± 0.0 8.4 ± 0.0 
2 (HHHL) + + + - Turbid +++ 15880 ± 28 8.4 ± 0.0 8.4 ± 0.0 
3 (HHLH) + + - + Turbid +++ 5385 ± 47 7.3 ± 0.0 7.3 ± 0.0 
4 (HHLL) + + - - Translucent ++ 5478 ± 13 7.4 ± 0.0 7.3 ± 0.0 
5 (HLHH) + - + + Transparent with gel-like structure 194375 ± 40240 9.2 ± 0.0 9.2 ± 0.0 
6 (HLHL) + - + - Transparent 43860 ± 764 9.2 ± 0.0 9.2 ± 0.0 
7 (HLLH) + - - + Transparent 451 ± 3 8.4 ± 0.0 8.4 ± 0.0 
8 (HLLL) + - - - Transparent 180 ± 23 8.6 ± 0.0 8.5 ± 0.0 
9 (LHHH) - + + + Turbid +++ 30150 ± 434 8.6 ± 0.0 8.3 ± 0.0 
10 (LHHL) - + + - Turbid +++ 21053 ± 1026 8.5 ± 0.0 8.5 ± 0.0 
11 (LHLH) - + - + Translucent ++ 772 ± 7 7.3 ± 0.0 7.2 ± 0.0 
12 (LHLL) - + - - Translucent ++ 335 ± 30 7.3 ± 0.0 7.1 ± 0.0 
13 (LLHH) - - + + Almost transparent + 2975 ± 256 9.2 ± 0.0 9.0 ± 0.0 
14 (LLHL) - - + - Transparent 1399 ± 126 9.2 ± 0.0 9.1 ± 0.0 
15 (LLLH) - - - + Almost transparent + 104 ± 3 8.6 ± 0.0 8.6 ± 0.0 
16 (LLLL) - - - - Transparent 21 ± 6 8.7 ± 0.0 8.5 ± 0.0 
* pH of tap water = 8.08 ± 0.0, pH of deionized water = 8.59 ± 0.0. 
§
 SLES = sodium lauryl ether sulfate 70%, CAPB = cocamidopropyl betaine 45%, CDEA = cocamide diethanolamine 90%, PQ-10 = polyquaternium-10.  
‡ L and H denote high level(s) and low level(s) (%w/w) of the respective ingredients in the formulation; SLES (high, 15; low 5), CAPB (high, 15; low 5), 
CDEA (high, 5; low 0.5), and PQ-10 (high, 0.5; low, 0.1). 
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Figure 1A Effect of CDEA on the viscosities of formulations in low and high SLES series. [Caption designated in 4 letters 
as low (L) or high (H); first alphabet stands for SLES, second for CAPB, * for CDEA, and fourth for PQ-10].  
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Figure 1B Effect of CDEA on the viscosities of formulations in low and high CAPB series. [Caption designated in 4 letters 
as low (L) or high (H); first alphabet stands for SLES, second for CAPB, * for CDEA, and fourth for PQ-10].  
 
CDEA is a diethanolamide produced by reacting fatty 
acids in coconut oil with diethanolamine. It is a viscous 
liquid and is generally used as a foam booster and foam 
stabilizer in bath products such as shampoos and hand 
soaps. Its interfacial ability to form complex with the 
surfactants as well as its emulsifying properties could 
have contributed to the observed viscosity-enhancing 
effect.
11
 In micellar solutions, it is known that 
solubilization of nonpolar molecules also can alter 
micellar size and shape from spherical micelles with 
Newtonian behavior to oblate micelles. Viscosity increase 
is due to restriction on free movement with resultant loss 
of Newtonian behavior. An example of the action of 
solubilizates on viscosity is the study of the influence of 
several perfumes in shampoos based on 10% sodium 
lauryl ether sulfate and citronellol, for example, which 
increases the viscosity beyond that normally generated 
by sodium chloride. This remark should be taken into 
consideration when incorporating the essential oils as 
fragrances into surfactant-based cleansing formulations. 
In addition to CDEA, the remaining components, namely, 
SLES, CAPB and PQ-10 also contributed to an increase 
in the product9s viscosities but to a lesser extent (Table 
2, Figures 2-3). 
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Figure 2 Effect of PQ-10 on the viscosities of formulations in low and high SLES series. [Caption designated in 4 letters as 
low (L) or high (H); first alphabet stands for SLES, second for CAPB, third for CDEA, and * for PQ-10].  
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Figure 3 Effect of SLES on the viscosities of formulations in low and high CAPB series. [Caption designated in 4 letters as 
low (L) or high (H); first alphabet stands for SLES, * for CAPB, third for CDEA, and fourth for PQ-10]. 
 
An interesting phenomenon was observed with 
Formulation 5 whereby a transparent, gel-like structure 
was obtained. The formulation contained Ahigh9 levels of 
SLES, CDEA, PQ-10 and a Alow9 level of CAPB. When 
compared this formulation with Formulation 1 (all 
ingredients at high levels), Formulation 5 had a much 
higher viscosity and the system was completely 
transparent. At this particular levels and combination of 
components, the Ahigh9 concentrations of both anionic 
surfactant and cationic polymer probably resulted in an 
extensive interaction in the entire system while CDEA 
imparted the system even more viscous thus resulting in 
a gel-like semisolid structure. In this study, SLES, a most 
widely used anionic surfactant, was used as a model 
constituent carrying a negative charge whereas PQ-10 
(polyquaternium-10), a cationic substance widely used in 
most 2-in-1 preparations, represented a typical positively 
charged polymeric component. In formulating the 2-in-1 
cleansing products, similar electrostatic interaction could 
therefore be anticipated with other pairs of ingredients 
possessing such opposing charges. However, the 
viscosity of each final product also depended highly on 
the relative concentrations of other remaining 
components present in the formulation.
13
   
Formulations 1 - 4 and 9 - 12 which contained a high 
level of CAPB resulted in either turbid or translucent 
solutions (Table 2). CAPB is a derivative of cocamide 
and glycine betaine. It is a zwitterionic surfactant with a 
quaternary ammonium cation in the molecule. It has 
been used as a conditioning agent in shampoos and hair 
conditioners because of its anti-static properties and its 
ability to reduce irritation purely ionic surfactants would 
cause. This amphoteric surfactant is compatible with 
other cationic, anionic, and nonionic surfactants. 
However, the fact that it could introduce the turbidity to 
the resultant products should be noted. In the 
preparation of clear cleansing products such as clear 
shampoos, the incorporation of some cosolvents (e.g. 
ethanol, sorbitol, glycerin, or polyglycols) into the polar 
phase improves the transparency of the formulation. In 
addition, the use of hydroalcoholic solutions for 
solubilization of fragrances or essential oils is well 
known.  
All formulations were found to be fairly neutral with 
pHs ranging from 7.3 to 8.7 except for Formulations 5, 6, 
13 and 14. This was probably due to the presence of 
high-level CDEA (original pH = 11.7) which contained a 
considerable amount of residual amines (data not 
shown). With Formulations 1, 2, 9 and 10, the samples 
also contained a high level CDEA, however, the 
coexistence of a high-level CAPB could somewhat lower 
the pHs of the mixture to the range of 8.4 - 8.6. The pHs 
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of all samples remained basically unchanged during one-
week storage at room temperature (Table 2). 
 
Wetting Time 
The wetting times of all formulations except for 
Formulations 3 - 6 are shown in Table 3. In addition, 
Figure 4 shows the relationship between the wetting time 
and the product9s viscosity. A plot between the wetting 
time (in minutes) and viscosity (in centipoises) yielded 
almost a straight line. This indicated that the wetting time 
could actually serve as a rough estimate for the viscosity 
of a formulated sample. However, if the product was too 
viscous, i.e. viscosity higher than 30,000 cps, the wetting 
time would not be able to be determined because the 
cotton balls merely remained on the surface and would 
not sink into the sample. In such a case, this method 
would not be applicable.  
 
Table 3 Surface tensions (n = 4) and wetting times (n = 
2) of the prepared formulations. 
Surface tension (dynes/cm) 
Formulation 
 
Tap water 
(72.0) 
DI water 
(73.0) 
Wetting time 
(min) 
1 32.5 ± 0.0 35.0 ± 0.0 196.5 ± 9.2 
2 33.0 ± 0.0 36.0 ± 0.0 192.0 ± 5.7 
3 31.8 ± 0.3 36.0 ± 0.0 N/A 
4 31.5 ± 0.0 35.0 ± 0.0 N/A 
5 31.0 ± 0.0 35.0 ± 0.0 N/A 
6 32.0 ± 0.0 36.0 ± 0.0 N/A 
7 32.0 ± 0.0 35.5 ± 0.0 8.8 ± 0.4 
8 32.3 ± 0.3 36.0 ± 0.0 6.1 ± 0.1 
9 31.5 ± 0.0 33.8 ± 0.3 373.0 ± 4.2 
10 32.0 ± 0.0 34.0 ± 0.0 270.0 ± 5.7 
11 32.5 ± 0.6 35.8 ± 0.3 22.1 ± 2.6 
12 32.8 ± 0.3 34.5 ± 0.6 7.7 ± 0.9 
13 32.0 ± 0.0 34.0 ± 0.0 71.0 ± 15.6 
14 32.0 ± 0.0 34.0 ± 0.0 14.2 ± 1.6 
15 32.0 ± 0.6 36.8 ± 0.3 1.3 ± 0.1 
16 32.0 ± 0.0 36.6 ± 0.5 0.32 ± 0.2 
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Figure 4 Relationship between the wetting time and 
product viscosity.  
 
 
Foam Volume 
Figures 5A and 5B show the effect of the formulation 
ingredients on the foam volume. In general, Aflash foam9 
was observed in all formulations and subsequent foam 
volumes were found to be fairly stable over the length of 
time investigated. Being a primary surfactant, SLES 
generally increased the foam volume when comparing a 
respective pair of formulations, e.g. Formulation 5 
(designated as HLHH) with high SLES had a higher foam 
volume as compared to Formulation 13 (designated as 
LLHH) with low SLES. CAPB which acted as a 
secondary surfactant also showed a similar trend. On the 
contrary, PQ-10 and CDEA resulted in an opposite 
effect, i.e. foam suppression. CDEA is a foam builder, 
i.e. it stabilizes the foam while not necessarily increase 
the foam volume. Although foam is an important visual 
signal for cleansing products, there is no direct 
correlation between foam and cleansing ability.
2
 Being a 
cationic polymer, PQ-10 also tended to suppress the 
foam formation unless the concentration of the 
surfactants present in the formulation was excessively 
high to overcome the opposing effect of the cationic 
polymer.  
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Figure 5A Effect of SLES and CAPB on the foam volume. [Caption designated in 4 letters as low (L) or high (H); first alphabet 
stands for SLES, second for CAPB, third for CDEA, and fourth for PQ-10]. 
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Figure 5B Effect of CDEA and PQ-10 on the foam volume. [Caption designated in 4 letters as low (L) or high (H); first alphabet 
stands for SLES, second for CAPB, third for CDEA, and fourth for PQ-10]. 
  
 
Surface Tension 
Table 3 shows the apparent surface tensions and the 
wetting times of all formulations. For each sample, 
surface tensions were determined both in tap water and 
deionized water in order to observe the effect of 
impurities that might be present in tap water. As can be 
seen, the surface tensions measured in tap water were 
generally lower than the respective values measured in 
deionized water. This was due to the presence of solutes 
or impurities in tap water resulting in the alteration of the 
surface tension of a solution relative to that of the 
deionized water. Most commonly, such an effect lowers 
the surface tension, although the opposite effect is also 
found.
10
 The presence of an organic material in aqueous 
solutions, unlike inorganic electrolytes, generally resulting 
in a decrease in surface tension of the system. The 
extent of such lowering depend upon a number of factors 
including the relative miscibility of the two liquids (or the 
solubility of organic solute) and the tendency of the 
solute to preferentially adsorb at the air-water interface. 
In more complex pharmaceutical preparations, liquids 
such as ethanol or acetic acid produce gradual 
decreases in the surface tension of their aqueous 
solutions, while longer chain organics such as butanol 
can produce more dramatic effects.  
 
Conclusion 
A systematic study investigating a number of 
physicochemical properties of 2-in-1 cleansing 
formulations were described. The main components, 
namely, the primary and secondary surfactants, the foam 
building agent, and the cationic polymer, together 
contributed to the overall properties of investigated 
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samples. Moreover, the entire system could become 
even more complex as additional ingredients such as 
fragrances, colorants, fixatives, and other additives etc., 
are to be incorporated. The results from this study 
demonstrated the effect of main ingredients commonly 
employed in most commercially available 2-in-1 
cleansing formulations. The data could be used in the 
formulation of a variety of hair care or skin care 2-in-1 
cleansing products, e.g. shampoos, liquid soaps, shower 
creams, so as to attain the target products with desirable 
physicochemical properties.    
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